Intubation Airway management Adult Intraoperative complications a b s t r a c t Introduction: An accurate estimation of the optimal length of endotracheal tube insertion can prevent complications such as endobronchial intubation, airway trauma and accidental extubation, all of which have a negative impact on patient safety and are associated with an increase in both morbidity and mortality.
Introduction
The incorrect placement of an endotracheal tube can lead to serious complications including endobronchial intubation, vocal cord paralysis, accidental extubation, collapsed lung, hypoxemia, and pulmonary barotrauma, among others. 1, 2 Endobronchial intubation is the most common critical incident that can cause arterial desaturation during orotracheal intubation. According to the ASA Closed Claims Project, selective intubation accounts for 2% of adverse respiratory events in adults, 3 and considering the more serious or fatal consequences of these events, including cerebral damage in up to 85% of patients, 4 the correct placement of the tip of the endotracheal tube is a vital element in the practice of anesthesiology and emergency and critical care medicine.
There are many methods to check the placement of the endotracheal tube, including the clinical method (auscultation of respiratory sounds, observation of the symmetry of chest expansion), palpation techniques (palpation of the endotracheal cuff in the suprasternal notch), imaging methods, capnography, direct visualization of the tip of the tube in relation to the carina using a fiberoptic bronchoscope 1 and ultrasound, 5 by either visualizing the tube directly in the airway or corroborating bilateral pleural sliding using a linear probe. However, these methods are not always based on evidence, nor are they always cost effective or applicable to every scenario of a given situation. 1 Some authors have found that in 28% of patients with cardiac arrest, intubated by staff trained in advanced life support, the tip of the tube was endobronchial. 6, 7 Using the traditional insertion method of the endotracheal tube of 21 and 23 cm in women and men respectively as proposed in the literature several years ago, 8 some publications show figures of more than 33.4% of endotracheal tubes incorrectly placed, 9, 10 this being a more frequent adverse event in women than in men (61.9% vs 38.1%). 2 This gap is not considered ideal and is a big unknown when referring to populations with different anatomical proportions to those used in the initial study.
These considerations then raise the question: in adult patients requiring orotracheal intubation for whatever reason, what is the optimal distance for endotracheal tube insertion?
After an exhaustive search of all available electronic databases (Medline, Embase and Virtual Health Library), no literature was found that dealt with Latin American or Colombian populations.
Based on this, the objective of this study was to determine the length of optimum insertion of the endotracheal tube based on height for patients undergoing surgical procedures using intubation in two local tertiary hospitals.
Materials and methods
A cross-sectional study was conducted with a total population of 516 adults of both sexes, between the ages of 18 and 90, undergoing surgery in the Santa Sofia and SES Hospitals in The criteria of exclusion were patients with hemodynamic instability, decompensated cardiorespiratory disease, and anatomical changes to the face, cervical region and upper airway.
The variables studied were simple and grouped by age (under and over the age of 60), sex, height, distance from the proximal edge of the endotracheal tube adaptor to the right angle of the mouth (M), distance from the proximal edge of the tube adaptor to the carina (C) and mouth-carina distance (C-M).
Techniques and procedures
Previous authorization from the bioethics committees of the University of Caldas, the Santa Sofía Hospital and SES Hospital of Caldas was obtained in accordance with the Helsinki declaration, as well as authorization from each patient by signed, informed consent. Before admission to surgery, data was obtained from the preanesthetic evaluation form to record height, age and sex. In the cases where no height was registered, this was taken by researchers using a height rod with a sensitivity of 1 mm and 190 cm in length.
The data was obtained from patients who were undergoing general anesthesia in supine position, with the head in neutral position, and monitored using pulse oximetry, capnography, non-invasive blood pressure and electrocardiogram (ECG) with three leads. Each anesthesiologist selected the intubation technique as well as the size of the endotracheal tube and insertion length.
Once the patient was intubated with the endotracheal tube secured to the right labial commissure at a distance considered appropriate by the anesthesiologist, an OLYMPUS LB-GP fiberoptic bronchoscope of dm 4.1 mm was inserted through a double lumen tube adaptor to prevent anesthetic circuit disconnection. The distances obtained during the procedure using direct vision of the anatomical structures were the following ( Fig. 1) .
Later, each distance marked on the fiberoptic bronchoscopy was measured using a metallic measuring tape with a sensitivity of one millimeter (Fig. 2) . The distance obtained from the proximal edge of the tube to the carina (C) was measured and subtracted from the labial commissure, corresponding to the protruding portion of the mouth tube (M), which is how the carina-mouth distance (C-M) was finally determined.
Data analysis and software
All primary data was recorded on an instrument designed in Excel and was submitted to a preliminary pilot test for evaluation by experts, who considered the instrument to be adequate and sufficiently clear to collect the necessary data for the study. The statistical analysis was done using SPPS software v 15.0, licensed to the University of Caldas. The qualitative variable was described using absolute and relative frequency. The quantitative variables were described with the average, confidence interval of 95%, standard deviation, mean, 5 and 95 percentiles and minimum and maximum values. For the prediction of the mouth-carina distance from the height of the patient, a Pearson correlation analysis was conducted after proving the normality of the dependent variable with the Kolmogorov Smirnov test. After this, various linear regression equations for sex and age group were estimated. The results are presented in tables according to the characteristics of the variables.
Results
516 adults were studied between the ages of 18 and 90. Most of the population was under the age of 60 (71.3%) and a little over half (55.2%) were female.
The results of the study showed that in 41.1% of men and 14% of women the mouth-carina distance was under 23 and 21 cm, respectively. In Table 1 , a description of the quantitative variables of the studied population is provided.
After disaggregating the population data by sex and doing a mouth-carina distance analysis to confirm the normality of the variable, the average mouth-carina distance for men was 23.5 cm, and 22.4 cm for women. For both sexes the differences between the median and the mean were minimal.
After doing a linear correlation analysis between the mouth distance variables and height, a direct and statistically significant correlation was found in all cases, for men and women both over and under the age of 60. The highest determination coefficient was for the population equal to or above 60 years of age.
Without controlling for age, and grouping the population by sex and using height as the independent variable, the following linear regression models were obtained ( Table 2 ) along with their respective prediction equations (Table 3) .
3 cm was subtracted from each of the equations obtained. This corresponds, according to the literature, to the distance that the tube should remain from the carina. 8, 11 The mouth-carina distance estimated with the prediction equations, without discriminating based on age (Table 3) , and taking into account the median height for Colombian 
Discussion
The findings of this study are coherent with those published by other researchers in different contexts and with different populations, 1, 7, [12] [13] [14] with regard to the controversy about the appropriate endotracheal tube insertion length for women and men, respectively. Were we to take these measures as a reference in our study, the tube would be endobronchial in 41.1% of men and in 14.1% of women. However, if the equations estimated in this study are considered, endobronchial intubation would be reduced to 2.6% and 5% in men and women, respectively. Several studies exist of populations of different ethnic origin that relate the length of the airway with height. In 2002, in the Taiwanese population, the length of the airway from the mouth to the carina and its relationship with height was evaluated in 293 patients via fiberoptic bronchoscopy, obtaining a linear regression equation as a result: [height (cm)/5] − 13. 8 Applying this equation to a Colombian woman with an average height of 155 cm, the optimal insertion length of the tube should be left at 18 cm. If the same exercise were done, but this time with the equation proposed in this study, the length would be 19.2 cm, representing a variation of 1.2 cm between the models. In another study performed in Thailand in 2005 with a population of 100 patients, the Chula formula [4 + (height (cm)/10)] was used to determine the insertion length of the endotracheal tube, which, according to the conclusions, was successful in 99% of patients, insuring that the end of the tube remained at least 2 cm above the carina, and that the upper edge of the endotracheal cuff remained at least 2 cm below the vocal cords. 6 When the equations are compared (the Chula formula and the equation from this study) with a 155 cm tall woman, the difference in the optimal insertion length of the tube would be 0.3 cm.
In India in 2011, a study was carried out with 200 patients, concluding when the endotracheal tube is positioned at between 21 and 23 cm, the end may come in contact with the carina or become endobronchial. As such, they proposed the following equation for determining the insertion length of the endotracheal tube: [height (cm)/7] − 2.5. 14 If we again consider a 155 cm tall female patient, the difference in the insertion length when comparing this equation with the proposed equation, would be 0.4 cm longer in the patients from India.
The three studies mentioned above were developed with non-Latin American populations, 6, 8, 14 which may in part explain the difference in their results and those obtained here.
Contrary to what this study reports, some authors have found little correlation between height and airway length, 7, 13, 15 arguing that this measure correlates between with external topographic measurements such as the distance from the corner of the mouth to the sternal manubrium, 7 the distance from the upper incisors to the sternum, 16 the distance from the cricoid cartilage to the xiphoid process, the sternal length, the length of the phalanges, the length of the ulna, and length of the foot, 13 among others. Nevertheless, the difficulty of obtaining these measurements in emergency situations limits their usefulness and could increase the risk for the patient.
In agreement with other reports from the literature, the results of this study did not show differences related to sex in relation with the length of the airway 6 : if a man and a woman of equal heights are considered, and the formulas obtained in this study are applied, the mouth-carina distance is minimum. Therefore, it would not be appropriate to propose an optimal endotracheal tube insertion length based exclusively on the sex of the patient, since the height ranges are wide in both men and women. The limitation of this study lies in the fact that the sample of men and women was not selected at random. The patients included represent those scheduled for surgery during the time assigned for data collection.
Conclusion
The traditional method of determining the endotracheal tube insertion length as 21 cm for women and 23 cm for men shows a high incidence of endobrachial intubations. The results of this study present a statistically significant correlation between height and mouth-carina distance. Therefore, the proposed equations based on height dependably predict the optimal endotracheal tube insertion length.
Recomendations
The authors propose the used of Table 4 , developed with heights for each sex, in which the optimal insertion length of the endotracheal tube is approximated in accordance with the prediction equations obtained in this study. Validating these values in later studies is proposed. Ideally, the above should be complemented with other strategies, such as auscultation, the direct viewing of the endotracheal tube balloon in its passage through the vocal cords, or thorax radiography.
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